A new validated capillary zone electrophoresis method was developed for the quantification of three aromatase inhibitors -anastrozole, letrozole and exemestane. After preliminary analysis a sodium tetraborate background electrolyte containing carboxymethyl β-cyclodextrine was selected for the simultaneous determination of the three aromatase inhibitors. 100 mM sodium tetraborate containing 5 mM carboxymethyl β-cyclodextrine as buffer addtive, 25 kV applied voltage, 20 mbar/2 s injection pressure and 25°C temperature were selected as optimum parameters for the determination. Analysis was performed in approximately 10 minutes. Validation parameters, including linearity, precision, detection and quantification limits were determined. Our results prove the applicability of capillary zone electrophoresis for the simultaneous determination of the three aromatase inhibitors from pharmaceutical products. The applicability of the optimized method was also tested for biological samples, proving its reliability for the determination of letrozole without any special treatment of the analyzed spiked urine sample and presenting potential for other biological matrices.
INTRODUCTION
Anastrozole (ANA) and letrozole (LET) are nonsteroidal competitive inhibitors of aromatase (AIs), the enzyme required for the last step in estrogen synthesis. Exemestane (EXE) is an irreversible aromatase inhibitor with a steroid structure. These drugs are used in the treatment of breast cancer and are administered orally in a daily single dose [1] .
ANA is indicated for first-line treatment of postmenopausal women with advanced or metastatic breast cancer, for second-line treatment of postmenopausal patients with advanced breast cancer who have had disease progression following tamoxifen therapy, and for adjuvant treatment of women with early breast cancer. LET is specific for aromatase inhibition, with no additional effects on adrenal corticoid biosynthesis. EXE is a steroid-based aromatase inhibitor approved for the treatment of breast cancer with a mechanism-based inactivator that irreversibly inhibits the enzyme [2] . Although they share a general mechanism of action, the third generation AIs produce varying degrees of aromatase inhibition and estrogen suppression [3] .
The chemical and physical characteristics of the studied substances are presented in Table 1 .
AIs are used as off label therapy in male infertility following LH deficiency (in morbid obesity and in anabolic steroid induced hypogonadism) [4] [5] [6] . Also, ANA, LET and EXE are included in the Word Anti-Doping Agency Prohibited List [7] ; these drugs are used in combination with anabolic steroids to prevent the onset of gynecomastia by estrogenic excess; aromatase inhibitors are also used by doped athletes as post cycle therapy in order to promote restoration of hypothalamic-pituitary-testicular axis integrity [8, 9] .
Several capillary electrophoretic methods have been reported for determination of AIs in combination with other compounds, mainly micellar electrokinetic capillary chromatographic (MEKC) [17] [18] [19] [20] . So far, there is no published electrophoretic method for the simultaneous determination of all three AIs selected in this research.
The main objective of this study was to elaborate a new simple, rapid and accessible capillary zone electrophoresis (CZE) method for determination of ANA, LET and EXE, with applications in the determination of the studied substances in pharmaceutical products and biological samples. A simple validated CZE method could also be very useful in analysis of AIs counterfeit drugs, used by athletes in doping offenses. 
RESULTS AND DISCUSSION
Preliminary experiments. At the beginning of determinations we have selected the type of background electrolyte (BGE) by checking the electrophoretic behavior of the analytes using an acidic BGE -phosphoric acid 25 mM and a basic BGE -25 mM borax. After our prelimary results we selected a 25 mM borax (pH 9.3) as BGE also taking in consideration previous electrophoretic studies [17] [18] [19] [20] [21] .
Method optimization. Electrophoretic behavior of the selected AIs are obvious consequences of their physico-chemical properties. In order to obtain a better resolution of the separation various buffer additives as organic solvents, surfactants, β-cyclodextrines (β-CDs) were tested. Organic solvents are used in CZE in order to increase solubility of the analytes [20, 22] . Addition of organic solvents (methanol, acetonitrile, npropanol, dimethylformamide) could not improve the resolution, probably because the selected AIs exhibit very close electrophoretic mobility's that cannot be differentiated by adding a small amount of organic solvent. Moreover, addition of organic solvents increased migration times.
We tried to improve separation by using the most commonly used surfactant, sodium dodecylsulfate (SDS) (20 -100 mM), an anionic surfactant, in varying concentrations of BGE (25 -100 mM). Although ANA, LET and EXE are in neutral form in this BGE all three compounds migrated with the same electrophoretic mobility [24] .
Because of similarity of chemical structures between ANA and LET we choose to add in BGE a variety of β-cyclodextrines (β-CD) derivatives in order to improve the separation resolution: β-cyclodextrine (MW 1135, native CD), 2-hydroxypropyl β-cyclodextrine (2-HP-β-CD) (MW 1460, neutral derivatized CD), carboxymethyl β-cyclodextrine (CM-β-CD) (MW 1541, anionic CD), and sulfobutyl β-cyclodextrine (SB-β-CD) (MW 2245, anionic CD). Usually, CDs are the most popular chiral selectors used in capillary electrophoresis (CE) or for increasing aqueous solubility, higher dissolution rate and intestinal permeation of drugs [22, 24] . Adding β-CD derivatives to BGE (5 -15 mM) improved the separation of ANA, LET and EXE. Also, we used dual CD systems (β-CD and CM-β-CD in various concentrations between 5 -15 mM) containing a neutral CD and a ionized one, and studied their influence on the separation. Due to encouraging results obtained by using β-CD derivatives as BGE additives we tried to combine β-CD derivatives with small concentration of SDS, without improving the analytes separation.
The influence of the most important electrophoretic parameters (BGE concentration and pH, applied voltage, temperature, injection time and pressure) on the separation was studied and the parameters were optimized.
The migration times of the analytes increased with the increase of the BGE concentration, because of the decrease of electroosmotic flow (EOF) with the increase in ionic strength.
In CZE the pH of BGE is very important since affects ionization of the analytes and their electrophoretic mobility. Using MarvinSketch 17.1.2 (ChemAxxon) chemical editor [25] we found that major microspecies of selected AIs are neutral in the range of pH 4 -13.
We varied the pH of BGE between 8.30 -10.40 by adding small amounts of 1M NaOH and 1M boric acid without satisfactory results (no improvement of separation under 9.4 values and at pH values greater than 9.4 the migration time are longer and peaks are distorted).
Regarding the influence of applied voltage and system temperature, the migration times decreased with the increase of these parameters, the limiting factors being the Joule heating and the viscosity of BGE which is directly related with temperature. We selected an applied voltage of 25 kV and a temperature of 25°C as optimum parameters.
The migration times were slightly influenced by injection pressure and time; however, injection parameters influenced peak shape and amplitude. Thus, a 20mbar injection pressure and a short injection time (2 seconds) were chosen to avoid peak broadening or splitting.
Thereby, ANA, LET and EXE can be separated with the optimized parameters within 10 minutes (Figure 1 ). The best separation was obtained using a 100 mM sodium tetraborate containing 5 mM CM-β-CD, 25 kV applied voltage, 20 mbar/2 s injection pressure and 25°C temperature as optimum parameters ( Table 2 ). The confirmation of peaks identity was achieved by comparing migration times of individual analytes and overlaying the UV spectra using the electrophoretic system photodiode detector with the ones obtained from standards. It is known that the electrophoretic mobility is related to charge and mass (μ pH vs. q/M α ). Semiempirical methods describe this relation which differ in the α value which is 1/3 in the Stoke's law, and 2/3 in Offord's approach [26] . Molar mass values of the three compounds are very close (Table 1) . A notable difference we distinguish on EXE chemical structure which is a steroidal neutral compound. There are published studies related to the complexation of EXE with β-CD derivatives in terms of increased aqueous solubility of drug, higher dissolution rate and intestinal permeation [27] [28] [29] . Thereby is very probable that EXE could form a complex more soluble with CM-β-CD from the BGE and that may explain the longest migration time. Although ANA and LET are compounds of high structural similarity, differences also exist in their molecular shape and association capability with CM-β-CD [30] . These properties also influence the electrophoretic mobility. Method validation. Our optimized method was validated and validation parameters were calculated. The selected internal standard was ciprofloxacin, a stable fluoroquinolone compound with a good signal in the selected BGE [31] .
Specificity. The elaborated method allows the detection of an AIs derivative from a mixture by quantitative measurement of a parameter (area of the obtained signal). The three selected AIs could be quantified without any interference with other present components.
Linearity and detection limits. The linear regression equations were calculated using six concentration levels and three replicates per concentration. Correlation coefficient was over 0.99, which demonstrates a very good linearity of the method. LOD and LOQ were calculated based on the standard deviation of the response and the slope; the residual standard deviation of a regression line or the standard deviation of y-intercepts of regression lines was used as the standard deviation in accordance with the International Conference on Harmonization (ICH) criteria (Table 3 Table 4 . Intra-day and inter-day precision of CZE method (T = migration time, A = area). Application to biological samples. In order to verify the applicability of our CZE method in determination of AIs from biological samples we took in consideration the biotransformation of LET. LET is excreted into urine approximately 70% of the administered dose as unchanged (6.0 ± 3.8%) or as the glucuronide of the major, pharmacologically inactive metabolite carbinole (CGP44645) (64.2 ± 22.7%) [33, 34] . Thus, in a 5 mg administered dose, 0.35 mg ± 0.07% was recovered in the urine [35] . Analytical performance of our CZE was evaluated on spiked urine from healthy volunteers.
Specificity. LET could be quantified from spiked urine samples without any interference with other present components (Figure 2 ).
Linearity and detection limits. The linearity response and detection limits for spiked with LET urine samples are presented in Table 5 . ) using optimized electrophoretic parameters.
The linear regression equations were calculated using six concentration levels and three replicates per concentration. Correlation was over 0.99, which demonstrates a very good linearity of the method.
Precision. The precision of the method was investigated in repeatability and intermediate precision terms for migration times and peak areas of LET in spiked urine samples (Table 6) . Table 6 . Intra-day and inter-day precision of CZE method for determination of LET in spiked urine samples (T -migration time, A -area). Although the results of determination of LET from spiked urine plasma was encouraging, when we tried to quantify the concentration of LET in a concentrated urine clinical sample the method sensibility was too low (Figure 3) . ) using optimized electrophoretic parameters.
Regarding determination of selected AIs our results were not satisfactory as respect to selectivity and migration time. Consequently the method requires further improvements regarding both the electrophoretic method and the sample preparation. Also the spiked plasma samples with EXE electrophoregrams present interferences from plasma components (Figure 4) . ) using optimized electrophoretic parameters.
Application to Pharmaceutical Formulations. For the determination of ANA and LET from commercial preparations, a total of 20 tablets were weighed and powdered from each commercial product. An equivalent to about 10 mg was weighed accurately and transferred into a 100ml volumetric flask and 50 ml methanol was added. After ultrasonic vibration for 30 minutes, the mixture was diluted to volume with methanol and then filtrated. A concentration of 100 µg·mL -1 of substance was set [36] . For determination of EXE a total of 20 tablets were weighed and powdered. An equivalent to about 400 mg was weighed accurately and transferred into a volumetric flask similar to ANA and LET. Additionally a second dilution was necessary to obtain a concentration of 100 µg mL The amount of AIs labeled claim and standard deviation were calculated (Table 7) . Also, our method can be useful in quantifying the three AIs from counterfeit drugs.
CONCLUSIONS
The developed CZE method can be used for separation, identification and quantitative determination for important representatives from AIs class. Our validated CZE method is a simple and reliable, using a particular BGE composed of sodium tetraborate and CM-β-CD as buffer addtive. With the new validated CZE method we quantified ANA, LET and EXE from pharmaceutical products; the method can find applicability in the analysis of AIs counterfeit drugs. Our method also present potential to analyze biological samples. We succeed to quantified LET from spiked urine samples without any special treatment, an encouraging step which demonstrate that the method can be improved for analysis of clinical samples.
EXPERIMENTAL SECTION
Materials and reagents. The substances and pharmaceutical pruducts were purchased from the following suppliers: ANA, LET and EXE from Sigma Aldrich, borax from Chemical Company, dodecyl sulfate sodium salt from Merck, β-cyclodextrin (β-CD) Biochemica from AppliChem Panreac, 2-Hydroxypropyl-β-cyclodextrin (2-HP-β-CD) from AppliChem Panreac, carboxymethyl β-cyclodextrine (CM-β-CD) from Sigma Aldrich, sulfobutyl β-cyclodextrinefrom (SB-β-CD) from Cyclolab Ltd., ciprofloxacin hydrochloride (CIP) form Ranbaxy Laboratories Limited, Anastrozol 1 mg and Letrozol 2.5 mg from Teva, Exemestan 25 mg from Actavis. All reagents and solvents were of analytical grade and were obtained from commercial suppliers and used without further purification. The deionized water was prepared with a Milli-Q Direct 8 Millipore system. CE system. All CE experiments were conducted in an Agilent 1600CE system equipped with diode-array detector, while the results were recorded and processed using Chemstation 7.01 software (Agilent). Separations were performed using uncoated fused-silica capillaries of 60 cm x 50 µm I.D (effective length 52cm) (Agilent). In all measurements hydrodynamic sample injection was used, by injecting the sample at the anodic end of the capillary, with the detector at the cathodic end.
CZE method.
A background electrolyte (BGE) containing 25 mM borax at a pH -9.3 was selected. The detection was carried out in UV at 219 nm, 240 nm, 247 nm and 279 nm, taking into consideration the UV absorption maxima of the studied analytes and internal standard. All experiments were carried out at room temperature. At the beginning of each day the capillary was conditioned with 1 M NaOH (30 min), deionized water (5 min) and BGE (20 min). The capillary was preconditioned before every run with water (1 min) and BGE (2 min). The pH was adjusted using a Terminal 740 (Inolab) pH-meter.
Preparation of stock and standard solutions. The AIs stock solutions were prepared daily by dissolving the substance in methanol at 1 mg·mL -1 concentration. They were stored in the refrigerator at +4°C, and later diluted to an appropriate concentration.
Urine and plasma sample treatment. Fresh human urine samples and plasma were obtained from different healthy volunteers; a clinical urine sample were provide by a volunteer men (45 years old) who has taken 5 mg of LET then the urine sample was collected after 10 hours. The urine and plasma samples were spiked with LET stock solution, centrifuged (4800 rpm, 10 minutes) and supernatant filtrated (0.45 µm Whatman filter). The clinical sample was concentrated 16 times with a rotary evaporator at 40°C under vacuum, centrifuged (4800 rpm, 10 minutes in a Centurion Scientific Ltd. centrifuge) and supernatant filtrated.
